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Organoids are biological systems grown in vitro and are observed to self-organize into 3D cellular tissues of
specific organs. Brain organoids have emerged as valuable models for the study of human brain development
in health and disease. Researchers are now in need of improved culturing and imaging tools to capture the
in vitro dynamics of development processes in the brain. Here, we describe the design of a microfluidic chip
and bioreactor, to enable in-situ tracking and imaging of brain organoids on-chip. The low-cost 3D printed
microfluidic bioreactor supports organoid growth and provides an optimal imaging chamber for live organoid
imaging, with drug delivery support. This fully isolated design of a live-cell imaging and culturing platform
enables long-term live-imaging of the intact live brain organoids as it grows. We can thus analyse their self-
organization in a controlled environment with high temporal and spatial resolution.

I. INTRODUCTION

Stem cell research has revolutionized treatment develop-
ments for diseases like spinal cord injury, diabetes, rheuma-
toid arthritis, cerebral palsy, Alzheimer’s, Parkinson’s and
targeted cancer treatment[1–9]. In 1907, Dr. H.V. Wilson
demonstrated the potential of dissociated siliceous sponge like
cells to self-organize and regenerate into a complete organ-
ism [10]. In vitro growth of pluripotent stem cells allows
us to grow miniaturized versions of organs called organoids.
Pluripotent stem cells are able to self-organize and form
organoids of complex organs such as the brain, kidney, retina
and heart [11–20]. Organoid based diagnosis also comes in
handy for screening pharmaceutical compounds for many dis-
eases [21–23]. Thus, organoid growth must be done in a con-
trolled incubator environment, with careful monitoring. How-
ever, such monitoring is challenging as this involves physical
handling and invasive procedures [24].

Ensuring a steady supply of nutrition to a growing organoid,
continues to be one of the main issues in organoid culture. As
the organoid grows bigger, its core doesn’t get enough nu-
trient supply and gas exchange, thereby triggering cell death.
Microfluidic technologies provide a solution to grow organoid
in a controlled environment, and optimized perfusion of cul-
ture media. The ability to confine fluid in a small volume and
being able to manipulate the cell to a higher degree of free-
dom has made the bio-medical research cost effective. This
opened many new applications in the field of lab-on-chip [25–
28]. Such small confinements are also advantageous in terms
of easy integration with multiple test equipment and easier
portability. Soft lithography is a common technique tradition-
ally used for the fabrication of microfluidic devices. This is
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based on transferring the micro-structures from a mold to a
poly-dimethylsiloxane (PDMS) [29, 30] and it also involves
many other steps that limits the possible design. Recent ad-
vancement in stereo-lithography based additive manufactur-
ing (3D printing) has made it possible to realize advanced mi-
crofluidic chips with simple manufacturing procedures [31–
33]. This has dramatically brought down the cost, and the
complicated steps involved in traditional manufacturing of mi-
crofluidic chips.

In this work, a low-cost microfluidic bioreactor was de-
veloped, designed to support both imaging and culture on a
single chip and was fabricated using stereolithography based
3D printing. This fully standalone compact bioreactor sys-
tem provides an ideal organoid culture environment with con-
trolled temperature and media flow, avoids any chance of con-
tamination and an imaging chamber that allows tracking of a
particular cell as it grows, which was very difficult with other
techniques. We believe that our work on microfluidics based
3D printed bioreactor for live-cell imaging has many advan-
tages including low costs; a compact, mobile and standalone
design; and an optimal confined environmental enclosure for
3D live organoid imaging. As the growth happens in a fully
closed environment, this can be used to mimic interactions be-
tween human organoids host with pathogens like coronavirus
and has potential to accelerate the development of therapeu-
tics [34–36].

II. EXPERIMENTAL SECTION

A. Microfluidic organoid imaging platform design and

fabrication

A microfluidic chip was designed as shown in Fig. 1A
and Fig. 2 for the support of both imaging and culturing of
organoids. Briefly, the design of the chip included imaging
wells compatible with organoid long-term culture, and mi-
crofluidics channels for medium flow and pre-heating. Indi-
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FIG. 1: (A) Imaging and organoid set-up of a well in a
microfluidic chip. The design supports both organoids

culturing and imaging (B) Organoid placement in the well.

vidual organoids were placed in each well of the chip, and
were embedded in Matrigel, a complex extracellular envi-
ronment matrix composed of natural polymers and growth
factors, which acts as a scaffold for long-term growth of
organoids into a 3D spheroid form. A transparent glass disk
with a thickness of 150 µm was then placed on top of the well,
acting both as the water seal for culture medium and as an op-
tical window for live organoid imaging. The chip was placed
on a heating plate. The culture medium providing all the re-
quired growth nutrients to the organoids was then pumped into
the pre-heater chamber of the chip where it is warmed to 37 ◦C
and distributed to one or all wells as in Fig. 2.The system was
automatized using micro-controllers.

The microfluidic chip was made using stereolithography
based 3D printing technology. SolidWorks (Dassault Sys-
tems) 3D CAD modeling software was used to design this chip
and a ".STL" file was generated for 3D printing using a desk-
top 3D printer (Form 2 printer, Formlabs). A bio-compatible
dental surgical grade resin (Dental SG Biocompatible Resin,
Formslab) was chosen as the printing material, which sup-
ports a printing resolution of about 50 µm. The printed chip
was then cured by exposure to UV light for 1hour. The chip
was sterilized with an autoclave after printing using exposure
to pressurized steam at a temperature of 121◦C for 30min.
The chip was designed with four culture and imaging wells.
Dimensions of the wells were optimized for culture medium
availability and flow, and to be compatible with the working
distance of the 16× /0.8NA microscope objective (Nikon)
microscope objective (3mm). Small indents of 0.5mm ×

0.5mm size were added on the inner surface of the wells, as
shown in Fig. 1B, to restrict the detachment of the Matrigel
from the 3D printed well. The top of the well was sealed with
a glass disk of 150 µm thickness using a bio-compatible sili-
cone (Kwik-Sil, WPI) or UV-curing (NOA61, Norland Prod-
ucts) adhesive. The chip thus allows examination through a
transparent optical window, with excellent isolation from en-
vironmental perturbations. Each of the wells was designed
with a thermistor port, and a drug delivery port, for continuous
temperature logging of each well and selective drug delivery
to the individual organoids, respectively. For drug delivery,
a standard cannula was inserted inside the drug delivery port
and sealed using a bio-compatible silicone (Kwik-Sil, WPI) or
UV-curing (NOA61, Norland Products) adhesive. This can-
nula provides a hermetical sealing support and acts as a one-
way valve for the drug delivery. The chip was designed with
microfluidics channels, organized to allow media flow over
the heating plate (pre-heater chamber), and then in and out
the wells. One inlet for culture medium input and four out-
lets for each well were connected to the tubing. The system is

scalable, and the number of wells can easily be increased.
The chip was connected to an incubator environment, as

shown in Fig. 2, for the growth of organoids. This complete
incubator and supporting devices were designed to fit into a
compact form factor, with a four well chip size of 6cm ×

4cm for easy transfer between different instruments. As the
organoids take nutrition from the culture media for growth,
we must periodically replace the culture media. Each well
was designed to be independently selected through the use of
a solenoid valve for culture media replacement. The culture
media was bubbled periodically with a gas mixture of 5%
CO2, 21% O2, and balanced N2. A DC motor based small
peristaltic pump (#1150, Adafruit) was used for feeding the
culture media to organoids. The fluid flow was precisely con-
trolled using a pulse width modulation (PWM) signal from
the micro-controller. The details of the quantity of the cul-
ture medium and Matrigel used is shown in Table I. As the

TABLE I: Volume of Matrigel and Culture medium.

Fluid Volume (µL)
Matrigel in 4-Wells 78× 4
Culture medium in 4-Wells 48 × 4
Volume of the culture medium in pre-heater 370

organoids require a temperature of around 37 ◦C for growth,
a bench-top incubator environment was manufactured using
aluminum blocks, where the chip is placed in close contact
using screws. These aluminum blocks are black anodized to
reduce the back-scattered light during imaging and to improve
the thermal conductivity. A resistive heater was connected be-
low the oven base plate and a 10 kΩ negative temperature co-
efficient thermistor was used for feedback to regulate the tem-
perature of the oven. The culture media entering the chip was
stored at an ambient temperature of around 25 ◦C, which is
lower than the temperature required for the organoid growth.
Such a sudden temperature change can induce a thermal shock
for the organoid. To avoid this situation, an on-chip pre-heater
was implemented. For uninterrupted temperature control, a
dedicated micro-controller is programmed with a PID algo-
rithm and can be controlled via USB based virtual serial port.

Fig. 3A shows the complete mechanical assembly of the
microfluidic bioreactor. It has three main components: an alu-
minum oven, a microfluidic chip and an acrylic sheet for inte-
gration to a microscope. The oven has two parts, the first is a
base heater plate that is in direct contact with the microfluidic
chip, with its temperature regulated at about 37 ◦C. The sec-
ond one is an oven cap that is used to isolate the wells from
ambient temperature fluctuations. The oven cap is opened
while imaging the organoids as shown in Fig. 3B and is kept
closed otherwise as shown in Fig. 3C. Heat transfer through
the objective lens can cause a local temperature drop at the
well while imaging. Hence, the objective lens temperature
should be regulated close to 37 ◦C using feedback driven ther-
mal source, in long term experiments.

Our design costs are significantly lower than traditional
Petri dish or spin-bioreactor based organoid culture products
that can cost 10’s of dollars. For 3D printing, approximately
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FIG. 2: Microfluidic set-up for live cell imaging and culturing.

15 mL resin was used including the resin used for the scaffold,
at a cost of only around 5 USD per chip. We also note that the
culture medium used is just around 764 µL per refill.

Finally, the culture medium was pumped through each well,
and the chip was ready to be combined with a pre-heated oven,
shown in Fig. 4B, that kept the temperature at approximately
37 ◦C. Before filling the media inside the well, the chip should
not be placed inside the oven. Note that we must place the chip
in the oven only after filling media inside the well. This en-
sures that the water content in the Matrigel does not evaporate
and condense on the glass surface, trapping air, and affecting
the quality of the optical image.

After the imaging experiments, the silicone glue used to
seal the glass coverslip on top of each well can be easily re-
moved and the organoids collected for post hoc assays such as
IHC, RNA/DNA/protein extraction and quantification. After
removal of the glass coverslips, the organoids, and the Ma-
trigel, a chip can be washed with distilled water, dried, and
autoclaved; and is therefore re-usable.

Fig. 4C shows the complete system developed for an
organoid culture in an incubation environment.

B. Production of cerebral organoids

Brain organoids were produced from iPSC obtained from
the Coriell cell line repository (GM23279A) following a
standard protocol (Mellios et al. 2018) . iPSC colonies
were grown in iPSC media, consisting of 20% Knock-
out Serum Replacement (KOSR) (Invitrogen), 1% peni-
cillin/streptomycin (Invitrogen), 1% non-essential amino
acids (Invitrogen), 0.5% L-glutamine (Invitrogen), 100 µm 2-
mercaptoethanol (Bio-Rad), DMEM/F-12 (Invitrogen), sup-
plemented with 10ng/mL bFGF (Stemgent). The culture
media was changed daily. iPSC colonies were passaged
weekly onto 6-well plates coated with 0.1% gelatin (EMD
Millipore) and pre-seeded with a feeder layer of irradiated
mouse embryonic fibroblasts (MEFs) (GlobalStem), which
were plated at a density of 200,000 cells/well. Passaging en-
tailed lifting colonies with 2.5mg/ml Collagenase, Type IV
(ThermoFisher) for 1 hr and dissociation into smaller pieces
through manual tritulation before seeding onto feeder layer
of MEFs. iPSCs were detached from irradiated MEFs and
plated at 9 ×104 cells per well of an ultra-low attachment 96-

FIG. 3: Microfluidic bioreactor assembly (A) Exploded view
of bioreactor (B) Imaging mode (C) Incubation mode.

well plate (Corning) in iPSC media supplemented with bFGF
(10ng/mL) and ROCK inhibitor (50 µm; Y-27632, Tocris)
(Day 0). Embryoid bodies (EBs) were subsequently trans-
ferred (Day 6) to an ultra-low attachment 24-well plate (Corn-
ing) with neural induction media: 1% N2 supplement (Invit-
rogen), 1% Glutamax (Invitrogen), 1% non-essential amino
acids (Invitrogen), 5ug/mL heparin (Sigma), DMEM/F12 (In-
vitrogen), supplemented with 10 µm SB431542 (Tocris Bio-
science) and 1 µm dorsomorphin (Stemgent). After this neu-
ral induction step, EBs were embedded in Matrigel (Corn-
ing) droplets on Day 11 and transferred to neural differenti-
ation media: DMEM/F12: Neurobasal (Invitrogen), 0.5% N2
supplement, 1% Glutamax, 0.5% non-essential amino acids,
100 µm 2-mercaptoethanol, insulin, 1% Pen/Strep (Invitro-
gen) supplemented with 1% B27 without vitamin A (Gibco,
Life Technologies). Matrigel embedded organoids can then
be placed in the chip from D11 onward. For the fluorescence
imaging of radial glial cells, organoids were infected with a
pAV-CMV-GFP virus prior to embedding in the chip.

C. Organoids deployment in microfluidic chip

Initially, Matrigel of around 45 µL was filled inside each
well and let to solidify for 20 minutes at room temperature.
Then, organoids at day 15 of differentiation were selected and
placed in the center of each well, and another layer of Matrigel
was applied on top of the organoids, letting them solidify at
room temperature. This sandwiching process gave an extra-
cellular scaffold for organoids to grow as a 3D spheroid. The
scaffold also held organoids inside the well against the cur-
rent of culture medium. Finally, a 12 mm microscope glass
disk was kept on the top of the well and was sealed with sili-
cone or UV-curing adhesive. Fig. 4A shows the full set up of
the microfluidic chip containing organoids positioned inside
the wells, culture medium flow, and the thermistor probe.

D. Cryosectioning and immunohistochemistry

For the analysis of viability, organoids were fixed by a
30min incubation in 4% paraformaldehyde solution. Fixed
organoids were incubated in 20% sucrose solution overnight
at 4 ◦C, followed by incubation in 30% sucrose for 3 hours
before embedding and freezing in optimal cutting tempera-
ture (O.C.T) medium. Frozen organoid tissue was sliced into
20 µm sections using a cryostat. Permeabilization/blocking
was performed using 3% BSA/ 0.1% TX100 in TBS. Incuba-
tion of sections from cerebral organoids in primary antibodies
solution was performed overnight at 4 ◦C and in secondary an-
tibodies solution at room temperature for 1 hour (Alexa Fluor,
Molecular Probes). The following primary antibodies were
used: cleaved caspase 3 (Cell Signaling, #9661, 1:200), Ki67
(BD Biosciences, #550609, 1:200). Coverslips were affixed
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FIG. 4: Microfluidic bioreactor. (A) Organoids deployment in microfluidic chip (B) Bioreactor integration with control system
(C) Compact standalone bioreactor.

with vectashield hardset antifade mounting media with DAPI
(Vector Laboratories) and z-stacks were acquired using a Le-
ica TCS SP8 confocal microscope.

E. Two-photon microscopy

The imaging was performed using a Prairie Ultima IV two-
photon microscopy system with a galvo-galvo scanning mod-
ule (Bruker). A 910nm wavelength excitation light was pro-
vided by a tunable Ti:Sapphire laser (Mai-Tai eHP, Spectra-
Physics) with dispersion compensation (DeepSee, Spectra-
Physics). For collection, we used a 16× /0.8NA microscope
objective (Nikon) and a GaAsP photomultiplier tubes (Hama-
matsu), that allowed us to image a large number of cells. Im-
ages thus acquired, using a PrairieView acquisition software,
were then processed using the ImageJ software.

III. RESULTS AND DISCUSSION

A. Experimental and simulation results of the oven

For the heater, a 20 Ω, TO-126 package resistor was used
with a 10 kΩ negative resistance coefficient (NTC) thermistor
for feedback, as shown in Fig. 5A. A PID control algorithm,
running on an Atmega328p microcontroller with a LM298 H-
bridge driver, was used for controlling the current through the
heater. The controller measures the temperature of the oven
and compares it with the target temperature of 37 ◦C and com-
putes the error signal e(t). Based on the error response signal,
u(t) is calculated with proportional (P), integral (I) and deriva-
tive (D) terms as,

u(t) = Kpe(t)+Ki

∫ t

0
e(t ′)dt ′+Kd

de(t)

dt
(1)

FIG. 5: Oven temperature controller (A) 3D model (B)
Temperature controller block diagram.

The magnitude of u(t) is mapped to the duty cycle of the
PWM signal pin, as shown in Fig. 5B. Based on the value of
u(t), the duty cycle will be adjusted such that error reaches
zero. The P block is a gain factor to amplify the error, I block
is for calculating cumulative error, integrated over time, to
eliminate the residual error, and the D block gives the rate of

error change (more rapid the error change, greater the damp-
ing effect). The Kp, Ki, and Kd constants were optimized in
the program for precise temperature control with fast settling,
integrated over 13 minutes. A thermally conductive paste was
applied between the heater and the oven for efficient thermal
control. It is important to replace this paste after using for a
few months for ensuring good thermal conductivity.

The thermal simulation was carried out in SolidWorks to
study the thermal gradient along the organoids in the wells.
Fig. 6A shows the steady state result of the microfluidic chip
with organoids modelled as a spherical mass, with a mass den-
sity 1050 kg/m3, thermal conductivity of 0.53 W/(m.K) and a
specific heat 3690 J/(kg.K). Their corresponding thermal gra-
dient is shown in Fig. 6B. We observed that the temperature
was successfully maintained around 37 ◦C, with the maximum
temperature difference across the four well being less than
0.21 ◦C at steady state.

FIG. 6: Oven thermal simulation (A) Temperature
distribution on chip (B) Temperature distribution less than

0.21 ◦C across all the wells.

A PID temperature controller was connected to the oven
heater and to the feedback thermistor. The experimental tem-
perature inside the four wells was measured, as shown in
Fig. 7A. We notice that the oven reached a steady state af-
ter about 12 minutes. The box-and-whisker plot computed for
the data at steady state temperature is shown as an inset in
Fig. 7A. This steady state temperature data was acquired for
around 12 hours, and from the box plot, it can be observed
that the median was around 37.6 ◦C and 50% of the data was
0.2 ◦C around the mean. The maxima and minima shown by
the whiskers are within 0.4 ◦C. The steady state data tempera-
ture tolerance is shown in Fig. 7B. We note that the oven was
regulating the temperature within ± 0.5 % tolerance around
37.4 ◦C.

FIG. 7: Oven experimental results. (A) Real-time
temperature data from oven (B) Temperature tolerance

histogram over the set temperature of 37.4 ◦C.
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B. Culture medium flow control and pre-heater

The culture medium, containing 191 µL inside the wells,
was replaced within 6 seconds by using a calibrated flow rate
of around 33.75 µL/s. Such precise calibration was achieved
by using a PWM based control with a change in duty cycle
translating to the speed of the peristaltic pump. The Reynolds
number for this microfluidic channel of 2mm×0.5mm and
33 µL/s flow rate was around 263, indicating a laminar flow
inside the channel. The culture medium needs to be pre-
heated to avoid any thermal shock to the organoids. Fig. 8
shows the simulation results of the on-chip pre-heater. The
culture media at an ambient temperature of 25 ◦C is passed
through the coils of the microfluidic channels, and the tem-
perature is regulated to 37 ◦C using a resistive heater. The
fluid delivered to the wells was thus optimized to be close to
37 ◦C (35.49 ◦C to 36.61 ◦C).

FIG. 8: Pre-heater flow optimization.

C. Viability

To assess the viability of organoids grown in the stage-
top microfluidic bioreactor, we measured the percentage of
cells expressing the proliferation marker Ki67 and apoptotic
marker cleaved caspase 3 (c-Cas3). We examined the ventric-
ular zones (VZ), structures organized around a cavity or ven-
tricle that resemble the developing neocortex, and the core re-
gion of organoids grown for 7 days in the bioreactor or grown
in a regular culture environment. We observed no significance
difference in the percentage of proliferative cells (Fig. 9).
Moreover the percentage of apoptotic cells in both the ventric-
ular zone and the organoid core were decreased in organoids
cultured in the microfluidic bioreactor compared to regular
culture conditions supporting good viability of the organoid
grown in the bioreactor. One advantage offered by our mi-
crofluidic device is that it allows continuous perfusion of the
culture chamber, which more closely mimics a physiological
tissue perfusion, than conventional culture, and thus reduces
cell death at the organoid core.

FIG. 9: (A) Representative images of immuno-labeling of
proliferation marker Ki67 and apoptosis marker cleaved

caspase 3 (c-Cas3). Scale bar represents 200 µm.(B)
Quantification of the percentage of positive cells.

D. Chronic imaging of brain organoid growth

Our stage-top incubator with automated fluidic-system con-
taining embedded organoids was placed under a two-photon
microscope, that allowed us to capture images despite the
challenges of high density and opacity of the organoids. We

performed chronic imaging, and obtained high resolution
imaging of intact organoids from the surface to a depth of
100-200 µm, capturing either intrinsic (autofluorecence, sec-
ond harmonic generation) or fluorophore (GFP expression)
signals. First, we successfully imaged the growth of organoids
embedded in the chip during 7 days as shown in Fig. 10. We
observed an increase in volume of the 3D structure (1.88-fold
after 7 days), supporting the high viability of the organoids
and suggesting the organoid can expand through normal cell
division growth in the bioreactor.

FIG. 10: (A) Carton figure (up, left) and 3D rendering of the
intrinsic originated from the surface (856 x 856 x 240 µm) of

an organoid growing in the microfluidic stage-top
bioincubator . Scale bar represents 200 µm.(B)

Quantification of relative growth.

E. High resolution time-lapse imaging and cell tracking

Brain organoids contain ventricular zones (VZ) (Fig. 11A).
These regions contain several brain cell types, including neu-
rons, and radial glial cell that expand their processes radially
to guide neuronal migration (Fig. 11A). We were able to im-
age the intrinsic signal emitted in these regions, demonstrat-
ing the use of the microfluidic bioreactor for applications such
as 3D and time lapse imaging of organoid VZs, as shown in
Fig. 11. Such imaging can be used for the tracking of single
cells and the analysis of their displacement.

Finally, we expressed a GFP construct selectively in radial
glial cells, which allow us to image with extremely high res-
olution the morphology and organization of these polarized
cells after organoids were embedded and cultured in the mi-
crofluidic bioreactor as shown in Fig. 12A. We performed
time lapse imaging and observed changes in cell morphology
as shown in Fig. 12B.

IV. CONCLUSION

A 3D organoid in-vitro culture microfluidic device was de-
signed and fabricated to allow chronic imaging of the dy-
namics involved in organoid self-assembly. Traditionally,
organoids were grown in a Petri dish, which was not very effi-
cient and required a large volume of culture media. Improved
long-term culture came from bioreactors like rotary cell cul-
ture system (RCCS), Spin Omega (SpinΩ), and Spin Infinity
(Spin∞), that have shown significant improvement for long-
term organoid growth [37–42]. However, these bioreactors do
not support a means for examination/imaging without a phys-
ical transfer of the organoids to a separate imaging chamber
[43]. The transfer process is prone to organoid damage or con-
tamination, which can lead to inaccurate estimation and lim-
ited reproducibility of the results. Hence, we needed a system
equipped with the capacity to permit long-term imaging and
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FIG. 11: Imaging of the second harmonic signal from brain organoids ventricular zones (VZ). (A) Cartoon figure of the VZ
structures contained in a cortical organoid. (B) 3D reconstruction and 2D z sections of an organoid. The field of view contained

several VZ structures. Yellow square indicate the field-of-view magnified in C. (C) Magnified time lapse imaging of one VZ
structure demonstrated that global cell movement can be tracked. (D) Left image is a time colored projection of the timelapse
imaging. The VZ area is deliminated with yellow dashed lines. Example individual cells are indicated with colored arrows.

Scale bars represent 200 µm.

FIG. 12: High resolution two-photon microscopy imaging of GFP-labelled radial glial cells in a brain organoid embedded and
cultured in the microfluidic chip and bioreactor. (A) Example images of dense populations of GFP positive radial glial cells

organized radially around a ventricle-like cavity. The fine morphology of individual cells can be distinguished. Scale bar
represents 100 µm (B) Example of high magnification time lapse imaging revealing changes in cell morphology. Left image is

a time colored projection of the timelapse imaging. Scale bar represents 20 µm.

limited disturbance of organoids grown in an incubator like
environment.

Current practices for brain organoid live imaging typically
use commercial culture dishes such as a 96-well glass-bottom
plate (Corning #4580). These plates are costly, do not pro-
vide an optimized compartment for organoid growth, and do
not allow for media change/perfusion during imaging [44, 45].
Some researchers have used commercial culture dishes, com-
bined with microfabricated compartments. These again in-
volve complicated fabrication of PDMS stamps using a metal
mold [46]. They also typically require the use of an inverted
confocal microscope that is associated with an environmen-
tally controlled chamber [44–48]. The use of a conventional
incubation system for culture, separated and different from
the environmentally controlled chamber for imaging, induces
a variation in the culture environment and can lead to cellu-
lar stress. In recent years, many microfluidic organoids-on-
a-chip systems have been developed, demonstrating that this
culture model is useful. These organoid-on-a-chip systems
continue to improve, and are becoming useful in organ and
disease modeling, and drug discovery studies [26, 49, 50].
However, most organoid-on-a-chip platforms are limited by
the use soft lithography, a technically demanding microfabri-
cation process. Our system has the advantage of being easily
manufactured, via 3D printing, and is more versatile than the
aforementioned systems published in the literature. In our de-
sign, chip printing is cheap and easily adjustable. It is adapt-
able to any microscope, including non-standard custom made
or upright microscopes. Moreover, our design provides a fully
enclosed system, allowing for a sterile and safe working con-
dition, with continuous perfusion of a nutrient-rich culture
medium. We also have precise control of the cell environment
and can keep it invariant during both the growth and imaging
steps of organoid cultures.

The 3D printed microfluidic chip with imaging chambers
and drug delivery system functions with a temperature con-
troller and a pump to create an isolated and compact biore-
actor that can be installed temporally into a microscope for
live imaging. We demonstrated the use of this bioreactor for
imaging of a brain organoid expansion and cell morphology

tracking for up to 7 days. As we observed normal organoid
growth during this long-term incubation, we expect than the
organoid could grow for extended periods of time with the
only constrain of the dimension of the wells. Our 3D printed
microfluidic bioreactor for the culture and live-imaging of 3D
biological tissues can find its applications in many research
or industrial laboratories where organoids can be modeled to
study development, diseases, or interactions between human
host organoids and pathogens like coronavirus SARS-COV2.
It is a low cost solution compared to traditional laboratory
methods, with a fabrication price of around 5 USD per chip,
and an efficient microfluidic delivery of the expansive culture
media.

Onging work includes the scaling up the number of wells
and integration of additional features like electrophysiology
to study the organoid model. In future, the microfluidic valves
and pumps can also be 3D printed on-chip to reduce the
amount of culture medium used.
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